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COATING 



The present Invention related to a method of forming a coating on a substrate. 
More spedfloally but not exclusively, the Invention relates to a method pf farming a 
corrosion resistant coating on a machined part used, for example, fn a vacuum 
pump. 

Vacuum pumps are used In the manufacture of semiconductor chips to facilitate 
the control of the various envlronmsnts that the chfp must be exposed to during 
manufacture. Sucn pumps are typloally manufactured using cast Iron ana steel 
components, many of which are precision engineered to ensure optimum 
performance of the pump. Plastic based parts may also be used as components 
In vacuum pumps under certain conditions as described below. 

Iron castings and steels have for a long time been used In the manufacture of 
component parts for equipment used In a wide range of industries, Including the 
peuo-chemlcal and semiconductor rndusJrles. These paris are cheap, exnibli 
good thermal and thermo-mechanrcal properties and are relatively easy to form. 
However, fn the semiconductor Industries the Increasing use of high flow rates of 
process gases (such as chlorine, boron-trichloride, hydrogen bromide, fluorine and 
chlorine-trifluorlde) together with the associated elevated temperatures and 
pressures required have resulted In the severe corrosion of the Iron and steel 
component parts. Such corrosion leads to equipment failure, leakage of process 
chemicals and possible process contamination, and reduced process efficiency, as 
well as the costs associated wfth un-planned downtime. 

In an attempt to minimise these problems, It has been common practice within 
many Industries to passively protect many of the component parts, since, thfs 
represents a cheaper alternative to the more expensive active protection that is 
available. The use of an aluminium coating on Iron castings and steels, for 
example, has been used in a variety of Industries to provide good corrosion and 
heat resistance. In addition, hot-sprayed ceramic coatings applied directly to the 
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metal surface have aieo been used to protect iron and steel castings in abrasive 
and high temperature applications. 

It has also, been suggested, that corrosion problems can be overcome by 
s substituting the iron and steel parts with more expensive materials such as nickel 
rich Iron base alloys, Monel, Inconel or higher nickel content alloys. However, 
these materials are expensive and do not represent a coat efficient alternative tor 
use as component parts. 

io More recently there has been a move towards the use cf piastics-baseKj 
component parts In a variety of Industries En an attempt to replace the metal 
component parts traditionally used. The versatile nature of plastics means that 
they can be used to replace metal parts for a variety of reasons. Plastic parts can 
be manufactured by a variety of means and can be tailored to meet a number of 

15 application requirements. In addition their reduced wefghl and cost In comparison 
to metals means that they represent an attractive alternative in the manufacture of 
machine parts. However, because oi su^aptitulty *f ih^t? iri&Liruafe u> 
intensively corrosive, oxidative and aggressive environments encountered (n the 
semi-conductor industry, their use In equipment In this Industry has been limited. 

20 Most plastic materials will readily wear in the presence of abrasive particles and 
many hydrocarbon-based plastics may spontaneously combust In the presence of 
fluorine or oxygen gas. 

Many attempts have been made to Impart wear and corrosion resistance to a 
25 number of plastics materials, the provision of ceramic coatings being particularly 
popular. However, the application of ceramic coatings to plastic substrates has 
not always proved easy because, unlike metal surfaces, it is difficult to form 
ceramic coatings on plastic surfaces that exhibit good adherence and do not flak© 
off in service. This is thought to be due to the non-conductive nature of the plastic 
30 surface, which results In the build up of electrostatic charge during the spraying 
process and acts to repel the sprayed ceramic particles. 
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There Is therefore e need for a corrosion resistant coatrng that can be easily 
applied to a metal or plastic substrate and which exhibits good adhesion thereto. 

In one aspect, the present Invention provides a method of forming a coating on a 
5 metalllo or plastics substrate, the method comprising the steps of applying a 
metalllo layer to the substrate and forming the coating from the metallic layer by 
subjecting the metallic layer to electrolytic plasma oxidation. 

The present invention thus provides a simple and convaniant technique for forming 
10 an anti-corrosive ocating on a metallic or pi&suwS oCiivcr.th.t of & vacuum puinp. 
By thS term "anti-corrosivg" It should be understood to mssn that the coating to 
capable of withstanding wear and degradation as a result of exposure to abraaivo 
particles and gases such as fluorine, chlorine-trifluorfde, tungsten-hexafluorlde, 
chlorine, boron-trfchlorlde. hydrogen bromide, oxygen and the like. Th3 coating 

is can fca convenient/ formed tnm any suitable larnV lay^r forming metal cr cJloy ': 
thereof. By the term "barrier layer-forming metal" it should bs understood to mesn 
ihose metals and their alloys (such t*» Ai, My, Ti, Tee, Kb. i if. So, VV. hla, V, s;>, = 
the surfaces of which naturally react with elements of the environment in which 
they are placed (such as oxygen) to form a coating layer, which further Inhibits the 

20 reaction of the metal surface with said reactive environmental elements. 

The technique of electrolytic plasma oxidation (EPO) Is known by various other 
names, for example anodic-plasma oxidation (APO), anodic spark oxidation 
(ASO), micro-are oxidation (MAO). During this teohnfque. a partial oxygen plasma 

25 forms at the metaVgas/electrolyte phase boundary and results In the creation of a 
ceramte oxide layer. The metal ion in the ceramic oxide layer is derived from the 
metal and the oxygen formed during the anodio reaction of the aqueous electrolyte 
at the metal surface. At temperatures of 7000K associated with the formation of 
the plasma, the ceramic oxide exists in a molten state. This means that the 

30 molten ceramic oxide can achieve intimate contact with the metal surface at the 
metaVoxfde boundary, which means that the molten ceramic oxide has sufficient 
time to contract and form a sintered ceramic oxide layer with few pores. At the 
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electrolyte/oxide boundary, however, the molten ceramic oxide ie quickly cooled by 
the electrolyte end the gasee flowing away, notably oxygen and water vapour, 
leaving an oxide ceramic layer with Increased porosity. 

Thus, the ceramic oxide coating so formed Is itself characterised by three layers or 
regions. The first Is a transitional layer between the metallic layer and the coating 
where the metal surface has been transformed, resulting In excellent adhesion for 
the coating. The second is the functional layer, comprising a sintered ceramic 
oxide containing hard crystallites that giva the coating its high hardness ar.d waar 

hardnoea and higher porcolty than the functional Isyer 

It will be appreciatsd from ths foregoing that the saramio oxide coating la 
atomicclly bound to the underlying metallic layer and is formed from ths surface of 
Lha metallic layer. This means that the ceramic o;ide coaling oc produced e;;h!bii3 
greater adhesion to the underlying metallic layer than would be formed from 
n44.?iAily applied sprayed ceramic £3&il„*\ Th«r Ic ~»Mt z-sZn^ sii&Wu 
superior surface properties such as extreme hardness, very low wear, detonation 
and cavitation resistance, ■ good corrosion and heat resistance, high dielectric 
strength and a low coefficient of friction. In addition, It Is also resistant to 
corrosion from halogens, Inter-halogen compounds and other semiconductor 
processing ohemicale excited by plasma. 

From the foregoing it will be appreciated that the external surface of the coating is 
in some applications characterised by a low porosity, fn such situations out- 
gassing from the coated substrate material is minimised. In other applications, 
the external surface of the coating may be Irregular and exhibit some porosity. In 
order to ensure extreme hardness, low wear and good corrosion resistance, the 
external surface of this coating may be removed by grinding to expose the 
underlying sintered ceramic oxide layer, which provides the superior surface 
properties referred to above. 
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Alternatively, where the external surface of the coating exhibits some porosity rt 
can serve as a matrix for application of an optional layer of a composite nature. In 
such situations, materials suitable for forming the composite layer include a 
• lubricant or paint, for example. It will be appreciated that the pore sizes of the 
3 external surface of the second layer are of a size that are capable of retaining the 
material of the third layer. Other examples of such composite coatings Include 
lubricants such as fluorocarbons, polytetrafluoroeihylens (PTFE), molybdenum 
disulfide (MoS 2 ), graphite fend the like, which ary roiainsd by 1*13 poroua stomal 
surface of the coating. The optional - layer Is preferably formed direct''/ ar tha 

The metallic layer fs suitably applied by depositing a layer of the barrier layer- 
forming metal or alloy thereof directly or Indirectly (depending cn substrate) onto 
the 3ubstrate surface to a thickness of prsfsrably less than lOCym. The mate!!:c 
15 laysr is preferably deposited ;rrlb fee ou.-fecs if l.'-.o cwtoVsli u;!.vj one of ■' 
sifting or compression of metallic powder or wrapping of the foil onto p. liquid 
aUjiwUvj, -u.'tsrit has bteu £pp;i«d Lo 3ia 3i£f*&& il^rclv'iic ?ij:-zzl?-- ~r.\; ) 
an Initially deposited metal layer (ifi), spraying techniques such as sputtering, 
plaama-spraying, arc-spraying, flame-spraying, vacuum-mot Jlislng, lor. vapour 

20 deposition, high velocity oxyfuel-spraylng, cold gas-spray; combinations thereof ' 
and the like, which are well known to a skilled person. These methods ensure 
that the metal or alloy thereof Is both well adhered to and does not degrade the 
underlying substrate. Whatever procedure or combination thereof adopted, the 
parameters must be adjusted to values suitable to obtain homogeneous coatings, 

25 with low porosity value and free of cast-In (embedded) particles, oxides and cracks 
that wiil compromise the formation of the ceramic oxide coating by electrolytic 
plasma oxfdation. For both metal and plastic substrates, the deposition of a 
metallic layer on the surface of the substrate has little effect on the bulk 
temperature of the substrate, thereby preventing distortion thereof. When 

30 employing the hot spraying techniques, the superior wetting properties of the 
molten metal particles on the substrate surface, when compared to conventionally 
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sprayed ceramic particles, lead to the formation of a metallic layer having a low 
poroeity. 

Ae indicated above, the coating I* formed by electrolytic plasma oxidation of the 
s surface of the metallic layer. The coating Is suitably formed by immersing an 
anodically charged metal coated part in an alkaline electrolyte (e.g.! aqueous 
solution of an alkali metal hydroxide and eodlum silicate) using a stainless steel 
bath acting as the counter elactrode and applying an AO voltage In excess of 250V 
to the part. During this technique, a partial cxe/gan plasma, fonns at t!:* 

»••....'_»-.'».• 1. • . . ' . «... ,».,..*».•.•• . . ■ t f . * . .. ' • 

oxide layer. The metal Ion In the carELmsc o>/da layer fs Jerlvsd from the metal end 
the oxygen formed during the anodic reaction of the aqueous electrolyts at the 
metal surface. At temperatures of 7000K associated with the formation of the 
plasma, the ceramic oxide exists in a rnolterr state, This means that the mofton 

15 ^!^n,!j c^IcJe ccn a-;htevo intact wfS. th- tr.ilzl z^r^sc s.* :! 

metal/oxide boundary, which means that the molten ceramic oxide has sufficient 
t'ms -o contract and form c tiii^i czrzrrlo zrHo -ay-ivw-lth It:: ^crec, \: :h; 
eleclrolyte/todde boundaiy, however, the molten ceramic c;cid3 I* quickly cuolau L> 
the ^leotrclyte and the gases flowing sway, nct*My o;<ygcr and water vapour,, 

20 leaving an oxide ceramic layer with increased porosity* The bath temperature Is' 
maintained constant at about 20°C A constant current density of at least 1 A/dm 2 • 
is maintained In the electrolytic bath until the voltage reaches a predetermined end 
value, consistent with the formation of an Insulating layer. Under these 
conditions, one obtains typically about 1pm of ceramic oxide coating per minute. 

25 Ceramic coating thickness up to about 100pm can be obtained in 60 minutes, 
depending on barrier forming metal type and alloy. The required current density 
to initiate the plasma process may be as high as 25A/dm 2 ff the applied metallic 
layer is rough and porous. 

30 The electrolytic plasma oxidation Is preferably carried out in a weak aqueous 
alkaline electrolyte of pH in the range from 7 to 8.5, preferably In the range from 
7,5 to 8, at temperatures of about 20*Cj which means that the Integrity of the 
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substrata material Is little affected. As indicated above the matting that occurs 
during the formation of the ceramic coating tends to fill out any pores in the 
underlying metallic layer, resulting in an Impermeable Interfaolal region between 
the layers. 

For plastic substrates the formation of the ceramic oxide coating over the 
underlying metallic layer overcomes the prob!e;r.3. of slsctrostetic repulsion 
coiv.rn w.ily encountered when depositing ce.arnly paries directly only the 

ou.-k-.-s3 of plastic eubotrr.ios. 

The substrate is preferably a. component of a vacuum purr.?, and so the preaon! 
invention also provides a vacuum pump component formed from metallic or 
plastics material and having a coating thereon formed by electrolytic plasma 
oxidation of a metaJHc layer applied to the component. 

The invention will now be described with reference to th*» fallowing non-limiting 

«?psu wi: io a person sltflod in the »l 

EXAMPLES 

In the present Invention, one can achieve adherent and coherent ceramic coatings 
on Iron castings, steels and plastics in a relatively simple and cost-effective 
manner that will also allow its application to precision parts with tight tolerances. 
The general method for achieving this Is set out below, specific examples- of whloh 
are presented thereafter. 

(1 .) An optional initial treatment to roughen the surface of the substrate. 
Such methods may Include peenlng and bfasting, pickling and/or 
combinations thereof. For plastics, application of a thin layer of 
Ifquid adhesive, such as polyimfdes or epoxles, or metal such as 
nickel, may follow the surface roughening. 
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) Deposition of a light metal (e.g., Al, Tl, Mg, and their alloys) or alloy . 
(Al-Ni, Al-Cu, Al-Zn, Al-Mg f eto) onto the roughened surface (which 
may Include a thin layer of liquid adhesive, or metal), using . 
techniques such as sifting or compression of the metal powder or 
wrapping of the metal foil onto appHed adhesive layer, or electro- 
deposition ot the metal on to an InltiafSy-spplfsd metal layer, vacuvm- 
meialllslng. sputtering, plasma-spraying, arc-spraying, flame- 
cpray'nn, h'ch-vslcclty-or^-fasl-spr^,?^;, rr.ri Torrblnstlon? m~T"*f. 
In ths, cere- of a plzz'Ms sybatT'o, i^wl ;:rsm]dr,2, -c-'.'.ig 
techniques &-3 the compression of ths nr. j\z\ pewdor or wrspplrj zf 
the metal foil onto an applied liquid adhesive layer or elsctro- 
deposition of the metal on to inftially-appUod metal layer, the plasma 
spraying, the high velccKy oxyfue! srrayhs and combinations 
thereof, as thess s:<h?hlt a low toermomcthanica! Ic?d with respect to 
other technologies. It will be appreciate* that the above-mentioned 
spraySng technics? !r:.ve list's ths*^: 'r^c* ••■>. \'' . y M 

cubGtrate. 

Electrolytic plasma oxfdatfon of the surface of the metallic layer to 
generate a ceramic oxide coating. It is important that not all of the 
metallic layer is converted to ceramic. 

Optional finishing treatment of the surface of the ceramic coating 
using techniques such as keying In of substances (for example, CF» 
fluorocarbone, PTFE, MoS* and graphite, Ni, Cr, Mo, W and their 
Carbides, paints and resins), grinding, polishing, tumbling, rumbling, 
etc and combinations thereof. 
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Example 1 

A composite tube, manufactured in epoxy realm comprising carbon fibres (fibre 
direction to satisfy thermo-mechanlcal strain matching with metallic rotor parts), 
s was subjected to the coating process. The surface of the tube was subjected to a 
low pressure grtt blast using 60 mesh grit or light peening using baisdte. Thermal 
sandblasting may also be ueed. AH methods ssr/e to rsmcvs Vr.z ohoer. frsm tho 
surfed of Ihe tube, thereby to roughen the surfac* wRhout Jamag/ng the fTorifl. 
Tl-.xi ccTtii 'hex '.vljrsc 1 vvfth alcohol ani sSrls.i nrr.rss grsr.se thsrcfr^. 

10 

» uwiulilL. • — i^. OJUi.ln IlLlltl'l OuU| ^wwta.v, il~.ll.;, ;.<'l'Vi;it) ini..'i i«i uUJ ~|J 

jam were plasma sprayed onto Uie tube using a standard Ar/H 2 pia^ina, nominally 
of 40 !AV pow*r level. It is to b& noted that use of standard pov/dd.i »vilh nominal 
dimension 45 - 90 jim teiid to give a more porous coat Each powder type 

la itMi»6u i*uf c*jout 0. i iiis iu ih»a ^iuwiua at - IGGOC^O U«.*or~i uaiuy ^iuJ%jwi.c.cS wi uu 
tho tuba, revolving at 60rpm, from a distant of ISO to 1G0 xm. Th*t spaed of tha 
i.i.K'i"syin^ on th* tuba -.vac i.; fr-m J£5 i.Vu • -CO STiJ, lfi-j 

permitting splaying out (or wetting) of ihe molten particles and wilh »ome degree or 
penetration Into the tube. The average surface temperature during ths plasma 

20 spraying process was In the range 100 - 150°C. The coating thickness was 
controlled by the duration of the spraying. Following the spraying, the tube was 
slowly cooled in still air and the surface machined by grinding with a 180 SIC 
grinding wheel to remove the surface roughness, leaving a final thickness of the 
metallic layer thus formed on the tube of about 50 urn. 

25 

The metallic layer applied as described above was subjact to slectrolytlc plasma 
oxidation In an electrolyte (an aqueous solution of an alkali metal hydroxide and 
sodium silicate or sodium alumlnate, or sodium metaphosphate), at a pH of 7.6. 
Using a current density of 12 A/dm 2 ; an electrolyte temperature of 20±S°C, and a 
30 coating time of 60 minutes, a voltage end value of 350V was registered. The 
component with the thus-formed ceramic coating was washed and dried- The . 
thickness of the ceramic coating was 30 (im. 
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The corroston resistance of the composite tube coated in this manner has four 
times better oorrosfon resistance than un-coated epoxy-carbon fibre composite 
tube In semiconductor applications. In particular it was found that a BOC 
Edwards IPX pump having components coated with the ceramic coating lasted 
four times longer than un-coated pumps when exposed to 4500 Iltre9 each of 
chlorine, bromine and fluorine. 

As a fir.si, optional Iruuunenl, Iho corajnic-ioat:^ ccrnpcranf v.'zz £n:r.erv*£ 
mov»d within an aqueous snionio FT~ dis^oisb.. having a p:.iH;:!3 ciz^ yf ~ CO 
Luti, Liiwf a. flv-w Of 5wt w&&i (vC°C> J;tec! i;ui o.Y ir«;-.,-i c!u 

couusioii resistance of ihie coatiny. • 

Example 2 

A eirnilcr composite tube of sxarc?!* 1 v/r.s s-.:bj3c?3cl to ?. low pressors grit !?!c..*:t 
udr.j S.S .'rtssij grli !o rsmcvr Ihs r:c:.: L\: :r.irf..,'t £v v;: . -V , i';;,; 

to roughen the surface without damages ft* fifcrss. Tfce ourfus; wttf Ihcr. vv£oc' 
with aicohof and dried to remove gresse therefrom, prior to £?p!tSO.t!cn of a *hfn 
liquid layer of epoxy adhesive using a paintbrush. 

Aluminium and alumlnlum-nlckel alloy (80/20) having powders of nominal size -10 
pm were compressed onto the surface of the tube by rolling compaction over a 
bed of the metal powder. Cure of the adhesive was achieved by placing the 
powder-coated tube for 1 hour in an oven pre-set to 1'20°C. The coating had an 
Inner layer where the metal powder was intermixed with the adhesive and an outer 
layer where the powder was keyed onto the Inner layer. Then the surface were 
machined by grinding with a 180 SIC grinding wheel to remove the surface 
roughness, leaving a final ground metallic layer thickness of about 30 nm. 

The metallic layer.appiied as described above was subject to electmlytte plasma 
oxidation In an electrolyte, (an aqueous solution of an alkali metal hydroxide and 
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sodium silicate or aodfum alumlnate, or sodium metaphosphate), at a pH of 7.6. 
Using a current density of 20 A/dm 2 ; an electrolyte temperature of 2Q±3°C, and a 
coating time of 75 minutes, a voltage end value of 400V was registered. The tube 
with the thus-formed ceramic coating was washed and. dried. The thickness of 
3 the ceramic coating was 10 \xm. The corrosion resistance of the composite tube 
coated In this manner has four times better corrosion resistance than un-coated 
epoxy-carbon fibre composite tube in semiconductor applications. 

The ceramlo-coated tube can be optionally coated to enhance the corrosion 
jo lestaianc* or the coaliny as in axaiupU* i . 

Samples from example 2 above, with the ground metaJiic layer inly, were further 
is subjected to plasma eprayfny sf aluminium and alwrtrJiRn -;Hoy psw^ra vndsr trie 
jjiidillons used In er^mple t. Followkg )pray?ng, the. tub.- was siov/iy wclsd In 
-»» sic TiUA\ lie sisfcwea/.viri .Mi: iy gifaj..^ vS-h ".ZZ 210 ^l:dr,:^ 
wtttel io .sniove the surface iouglins^, (saving a final ground ...otdlliu layer 
ihicknass of about SO jxm. 

20 

The metallic layer applied as described above was subject to electrolytic plasma 
oxidation in an electrolyte, (an aqueous solution of an alkali metal hydroxide and 
sodium silicate or sodium alumlnate, or sodium metaphosphate), at a pH of 7.6. 
Using a current density of 12 A/dm fl : an electrolyte temperature of 20±3°C, and a 
•25 coating time of 60 minutes, a voltage end value of 350V was registered. The tube 
with the thus-formed ceramic coating was washed and dried. The thickness of the 
ceramic coating was 40 jxm. The corrosion resistance of the composite tube 
coated in this manner has four times better corrosion resistance than un-coated 
epoxy-carbon fibre composite tube In semiconductor applications. 
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The ceramic-coated tube can be optionally coated to enhance the corrosion 
resistance of the coating as In example 1. 

Example 4 

5 

A similar composite tube of example 1 was subjected to a low pressure grit bla9t 
using SO mesh grit to remove the sheen from the surface of tfvs composite, thereby 
to roughen the surfaoe without damaging the fibres. The surfaco Was then wiped 
with alcohol and dried to remove grease therefrom, prior to application of a thin 
10 liquid layer of epocy adhesive using a paintbrush. 

An aluminium foil with a thickness of -50 jJtt was wrapped on': Ilia liquid 
adhesive. The outer diameter of the tuba was coated by prejs rolling the tube 
cvar a cut section of the foil, and with the excess trimmed off, leaving an overlap 
if !cn.c!tH -1 mm. For the irtner •Hiatr^'Dr, a simi'ar out c-ctfo-- if trs fc'.' was 
g-rrtly 5aid around the surface, followed by ©oncolKisilon with a r^Vnr, nr* v* u 

- , r/ - f.| '•»••• •i«- r M .......J., i^-.^v » r . - f 

was nchfsvsd by p!ac!ns the foR ccatsd tubs fcr 1 hcur In £n cvsr. pr^ cot *c 
120°C. 

20 

The metallic layer applied aa described above was subject to electrolytic plasma 
oxidation in an electrolyte, (an aqueous solution of an alkali metal hydroxide and 
sodium silicate or sodium afumfnate, or sodium metapho9phate), at a pH of 7.6- 
Using a current density of 6 A/dm e ; an electrolyte temperature of 20±3°G, and a 
25 coating time of 45 minutes, a voltage end value of 300V was registered. The tube 
was subsequently washed and dried. The thickness of the oeramte coating formed 
on the tube was 35 fim. The corrosion resistance of the composite tube coated in 
this manner has four times better corrosion resistance than un-coated epoxy- 
carbon fibre composite tube in semiconductor applications. 

30 

The ceramic-coated tube can be optionally coated to enhance the corrosion 
resistance of the coating as in example 1 . 
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Examples 

A similar composite tube of example 1 was cleaned and the surface modified by 
roughening and activation, uelng grit blasting or its combination with plasma 
etching. 

Tine modified polymer surface was than activated by Pd/Sn colloids to provide 
sli33 for deposition of a nickel layer by means or elsctrclaas nickel plating. A 
galvanic process that permits deposition of an aluminium layer onto the nfckc! 
10 layer (ssrvlrg as bond ccat) then fellow^. TTs typical coating thl:knee3 for th* 
nickel hyer was In the range from 5 to 23 jan, and th? thickness the overcoat 
aluminiuin layer was In ihd ranye fruft 15 50 nm. Tiio cc^llny *o obtained waj 
veiy adherent to the compoafce tube, smooth, non-porous and imp^meablG to 
fluids. 

The rnstalllc Izjar £ppiiod as described sieve was cjbjsot tc ©lectre?/*!? placrna 

umUyiltnli lit uJl wlSwliwly.w, M'^iiV'fi^ « ~l .« J * l i wl ni I «»tl ti.f.^.; . ^ m.L/^Uw 

sodium sKicaLa or -odium aiumin&t*, Swt&mi ;-nel«p;iw»p;-i»l=.}. *L a ^i; 7.C. 
Using a current density of 4 A/dm2; an.&isctrolyte tempera&re of 20±3oC, arid a 
20 coating time of 10 minutes, a voltage end value of 360V was registered. The tube 
was subsequently washed and dried. The thickness of the ceramic coating formed 
on the tube was 1 5 urn. The corrosion resistance of the composite tube coated in 
this manner has six times better corrosion resistance than un-coated epoxy- 
carbon fibre composite tube in semiconductor applications. 

25 

The ceramic-coated tube can be optionally coated to enhance the corrosion 
resistance of the coating as in example 1 . 

Example 6 

30 

In this example, a SQ iron sample, 100 mm x 100 mm x 5 mm, and a mild steel ' 
sample, 100 mm x 100 mm x 5 mm, were subjected to the coating process. The 
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surfaces of the samples were roughened by sandblasting, followed by a pfckllng In 
a 10% HF aqueoue solution at room temperature for 60 minutes. The samples 
were then washed and dried. 

The samples were then subject to plasma spraying of aluminium and aluminium 
alloy powders under the conditions used in example 1. Following spraying, the 
samples were slowly cooled in still air. Than the surfaces were machined by 
gii'uuliia will j a 100 Z\C grinding whyal to .'Strove the ourfoos r~U£hr.c-cc, Joavlny s, 
final ground melafllc layer thickness of about 50 pin 

Ths iiieiaiiic foyers applied as de^ilbsd btova wore subjected ti&bzbus 
plasma orfdatlon In an electrolyte £^n equeor.3 solution of an allcaJI mfital 
hydroxkie and sodium silicate or sodium alurnfnats, or sodium ,me«;aphosphate) 
with a pH of 7.6. Using a current density of -0 A/dm 2 , an electrolyte temperature 
of Z0±&°2 an J a costing time of 30 minulas, a volta^o ond valiw of COCY v.-aa 
rsgfctarad. Th? aamplss ware washed and cMad Tha Wclu'cao of tha -zrzrr'.z 
sc&Jns v^uiiau ui uxa sarnplas w&a -20 pr.. 52 iron eoalsu in Ihlj .na.',.-isr has 

iuui' LimuB btautjr uoiiubiun resibtaJiuo ihbi) u»»>-uuaieu 35 lion in totd.iiiwuiiu'uoiwi 

applications. 

The ceramic-coated samples can be optionally coated to enhance the corrosion 
resistance of the coating as In example 1 . 
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CLAIMS 

A method of forming a coating on a metalJfo or plastfos substrate, the 
method comprising the steps of applying a metalllo layer to the 
substrate and forming the coating from the metallic layer by 
subjecting tha metafile laysr to electrolyse plan ma oxldairon. 

A method according to Claim 1> wherein tha metallic layer Is formed 
from one of aluminium, magnesium, titanium, tantalum, zirconium, 
nscbydfumr, hafnium,, tin, tungsten, rr. itybdsnun , vanadium, 
antimony, bismuth, and alloys of the aforementioned metals. 

A method according to Claim 1 cr Claim 2, whsrsfn ihs meters laysr 
^?pC£rt£d On the s* ihstr?*^. 

A method ac-corrtlnq >n OJafm 3, where'rr th^ rr^K'fc laysr to zz; r v/~'* 
en ths> 5 f 'bsfrp.te. 

A method according to Claim 1 or Claim 2, wherein the metallic layer 
is adhered to the substrate. 

A method according to any preceding claim, wherein the thickness of 
the metallic layer applied to the substrate Is less than 1 OOpm. 

A method according to any preceding claim, wherein the substrate is 
roughened prior to the application of the metallic layer thereto. 

A method according to any of Claims 1 to 6, wherein the metallic 
layer te formed on a second metallic layer previously applied to the 
substrate. 
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A method according to any of Claims 1 to 6, wherein the metallic 
layer Is formed on a second polymeric layer previously applied to the 
substrate. 

A method according to any preceding claim, wherein the substrate 
comprises Iron. 

A method according io ariy of Claims 1 to 0, whar&!n LYj sub3trs.ts is 
an epoxy-carbon fibre composite or fibre relnforoed plastics material. 

A method according to any preceding claim, whordn the metallic 
layer Is smoothened prior to the formation of the ooating therefrom. 

A method according to any prc-codlng c!a5rrs, whors ; n lUa aiactrslytlo 
plasma oxidation Is p^Tfomrad at a pH lr. thr> range fr-m ~ lu ".5. 

A rr^thod according to any preceding -telm, whtraJn tK> thtfTusa of 
thg coatfing formed from ths metallic layer Is less than 100j-th. 

A method according to Claim 13, wherein the thickness of the coating 
formed from the metallic layer Is less than 50pm. 

A method according to any preceding claim, wherein the external 
surface of the coating formed from the metallic layer is subsequently 
treated to modify the physical and/or chemical properties of the 
coating formed on the substrate. 

A method according to Claim 16. wherein an external layer of the 
coating Is at least partially removed following formation thereof from 
the metallic layer. 
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4 

18. A method according to Claim 17, wherein at leaet part of the external 
layer te abrasively removed from the coating. 

19. A method according to any of Claims 16 to 18, comprising applying 
5 to the coating a material for reducing the porosity of the coating. 

20. A method according to any of Claims 16 to 13. compriolng allying 
to Use coaiir.a a material for oi thsnclng ths sur.-cvkn ; -Msc-tar-ec ■: f V~.c 
coating. 

10 

j 2\. A method according to any cm Claims 13 to 20, comprising applying 

J to the coating a layer formed from one of a fluorocarbon, 

| polvtetrafl-joroethylene, MoS 2 , Carbon, Nl, Cr, Mo. W, csrbtfss of 

any of the aforementioned metals, a paint and a resin. 

15 



22. A method according to any preceding cla»m, wherein the substrate Is 

a component of a vacuum pump. 

23. A vacuum pump component formed from metallic or plastics material 
j 20 and having a coating thereon formed by electrolytic plasma oxidation 
I of a metallic layer applied to the component. 
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ABSTRACT 

A method of forming a coating on a metallic or plastics component of a vaouum 
pump comprises the steps of applying a metallic layer to the component and 
forming the ooating from the metallic layer by subjecting the metallic layer to 

electrolytic plasma oxidation. 
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